To investigate the clinical applicability of head-mount display (HMD) in evaluating attentional behavioral disorders, we developed a new desk-task environment with HMD. 18 patients with right hemisphere damage were recruited. We compared the results of traditional neuropsychological tests and tasks carried out under the HMD setting using attention behavioral disturbances observed in daily life. The findings show that performance under HMD settings predicts the presence or absence of attention behavioral disturbance with higher accuracy than traditional tasks. Our newly developed HMD system shows promise as an appropriate method for assessing attentional behavioral disturbances. Although necessarily speculative at this stage, we believe that the more dynamic cognitive demands required to successfully accomplish the HMD task might be linked to attentional behavior in ADL.
Introduction
The purpose of Occupational Therapy (OT) is to help people increase their functional independence in daily life while preventing or minimizing disability. Physical, psychological, and cognitive factors, as well as personal history, are linked causally to disabilities. In the clinical setting, some patients show behavioral disorders mainly due to cognitive deficits, and occupational therapists often apply several neuropsychological tests to verify the factors causing their behavioral disorders. However, it has been recognized that some patients don't show any abnormalities in neuropsychological tests, but do display behavioral deficits in activities of daily living (ADL) (Sasaki, Sengoku, Nakajima, Sugama & Kitajima, 2005) . The authors investigated the relation between results of a revised bisection task and attentional performance in ADL in stroke patients. The results showed that some patients exhibited no behavioral abnormalities in spite of their lower score in the task.
This clinical discrepancy has a negative impact on our clinical practice because it restricts our understanding of the impairments causing patients' behavioral disorders. This in turn can lead to anomalies in communication with other medical staff and even patients' families, resulting in disagreements regarding treatment options. Accordingly, evaluations with higher accuracy in detecting behavioral abnormalities should be developed.
We assume that one of the reasons for these discrepancies could be environmental differences: static in desktask settings vs. dynamic in ADL settings. In general, it has been thought that the desk-task setting is so static that less sensory integration was needed to successfully accomplish a given task (Thompson & Sanderson, 2008) . Another reason, postulated by Deouell, Sacher, and Soroker (2005) , was that desk tasks do not reflect the dynamic character of the natural daily environment, in which relevant stimuli (e.g. background of objects and changing shadow) occur. That is, in most cases, patients sit and carry out relatively one-dimensional tasks, e.g. vision for a search task. Patients no longer need to process stimuli irrelevant to desk tasks and only less sensory information has to be integrated to successively accomplish tasks. On the other hand, ADL settings involve dynamic situations that require patients to integrate external and internal incoming sensory information properly while performing concurrent activities. Few studies have been reported in which the subjects were required to concentrate on environmental differences while performing desk-tasks, and in which the relationship between the results of desk tasks and ADL performance was analyzed.
Hence, we developed a desk-task setting using a head mount display (HMD) and a tablet, in which more sensory integration is needed than in the traditional desk-task setting. The present work is intended to evaluate the clinical applicability of the test settings.
Materials and Methods

Subjects
18 patients (14 men and 4 women) with right hemisphere damage were the subjects of this study. Participants gave written informed consent, and the experiments were approved by the local ethics committee of Sapporo Medical University. All subjects had undergone a usual rehabilitation program. The mean age was 64.0 with a standard deviation of 8.9. The score of the Mini-Mental States of Examination (MMSE) ranged from 18 to 30 and its average ± SD was 26.4 ± 3.3. The mean months from onset were 2.3 ± 2.4 (ranging from 0.5 to 11). 8 out of 18 subjects had visual field deficit on confrontation. 10 patients exhibited spatial neglect in at least one task including cancellation, copying, bisection, and behavior in daily life. We excluded subjects who had severe dementia, aphagia, or apraxia as well as those who couldn't concentrate on successive tasks for about 45 minutes. The clinical and demographic data are summarized in Table 1 . Patients who were mild to moderate in their severity were selected because the discrepancy between results of desk tasks and performance in ADL settings (proposed in the introduction) occurs in mild patients.
Tasks in traditional settings
Subjects were seated in front of a table, on which a task sheet was placed in front of their trunk midline. The following three visuo-spatial tasks were administered in the traditional setting: a line bisection task, a figure copying task, and a figure cancellation task consisting of 20 triangles and 20 circles scattered on A4 paper (target "circle"). In the line bisection task, subjects were asked to mark the midpoint on each line. We analyzed the averaged percent deviation with respect to the true midpoint, defined as rightward and as a positive value in all trials. Following Levine's criteria (Levine, Warach, Benowitz & Calvanio, 1986) , we also graded the deviation: less than 9.9% as 0, 10.0% to 39.9% as 1, 40.0% to 69.9% as 2, and more than 70.0% as 3. In the figure copying task, subjects copied a daisy. We analyzed the area of parts omitted and scored it 0 if there were no omissions, 1 if less than the left-most 1/3 was omitted, 2 if more than 1/3 but less than 2/3 was omitted, and 3 for more than 2/3 omission. In the figure cancellation task, subjects were asked to cancel out all circles. We analyzed the number of targets canceled out and time taken. The same criteria were used for cancellation. We also calculated the performance score as a function of the number of canceled targets and time taken using the following formula: the number of canceled targets × the number of canceled targets / time taken. A higher score was considered to indicate a better performance.
Tasks in HMD setting 1) Apparatus and experimental setting
A head mount display (Eye-Trek FMD-250W, Olympus) (HMD) was used. HMD is a type of eye-ware, and only the task is displayed on it. Its screen resolution was 653×368 pixels: the viewing area was 37.5° (horizontal) × 21.7° (vertical) of visual angle. Subjects operated a pen icon displayed on the HMD with a stylus on a tablet. We also used a tablet (intuos2 i-920 WACOM) with an A4-size work space on which subjects conducted tasks with the stylus. These two apparatuses were connected to a lap top computer (Winbook WA2200C5, SOTEC) whose refresh rate and screen resolution was 60 Hz and 1024×768 pixels, respectively. Task stimulus for the HMD settings was made using a drawing application.
A schematic representation of the experimental settings is shown in Fig.1 . The computerized stimulus was projected on the HMD through a down scan converter, allowing the experimenter to switch the projection on and off. The subjects wore the HMD and carried out the tasks with the stylus on the work area of the tablet. The top left corner and the bottom right corner of the work area of the tablet corresponded approximately to those of the HMD display.
2) Task
The HMD setting includes two sessions. Firstly, to familiarize themselves with the use of the HMD and the stylus, subjects carried out a series of trial line drawing and pointing tasks. In the line drawing task, subjects were instructed to draw a horizontal line while wearing the HMD. In the pointing task, they were asked to mark two black dots presented on the HMD display. Their familiarization was evident if they correctly drew a horizontal line and marked two dots. After familiarization, subjects In HMD setting, the tablet is placed in front of subjects. Subjects wear HMD during the tasks. Subjects see only a task stimulus, pen icon and the marks they make on the HMD display by manipulating the pen on the tablet. There is no apparent time lag between pen manipulation on the tablet and movement of pen icon on HMD display.
carried out a figure cancellation task. The number of the targets (circles) and the distracters (triangles) was the same as that in the traditional setting. We used the cancellation task in the HMD setting because this cancellation task has several analytic components (Manly et al., 2009 ) and a higher sensitivity to attentional deficit (Azouvi et al., 2002) . We applied the same analysis used in the traditional setting.
Overall procedure Subjects were seated in front of the table. Firstly, they were asked to conduct tasks in the traditional setting: a line bisection task 5 times for each length, a figure cancellation task and a figure copying task. Then the tablet was placed and they carried out the familiarization task in the HMD setting. Finally, the figure cancellation task in the HMD setting was carried out.
Behavior in ADL
To assess the subjects' behavioral condition in ADL, we used two questionnaires. One was designed to assess the association of behavioral disorders with directional attentional deficit (Ishiai, 1999; Azouvi et al., 2003) , for example "to bump into something on the contralesional side," and "to orient oneself to the ipsilesional side when one is called." 13 items were included and each item was scaled from 0 (never) to 2 (frequently) ( Table 2) . Therefore, the total score ranged from 0 to 26. Another questionnaire was associated with general attentional deficit (Ponsford & Kinsella, 1991) , including "to be slow in movement," and "to miss important details in what he / she is doing." This questionnaire has 14 items scored from 0 (not at all) to 4 (always) for each item, and 0 to 56 as a total score (Table 3) . Therapists who were in charge of the patients answered these questionnaires.
Data analysis
In the first analysis, we classified subjects into positive groups and negative groups on the basis of the cutoff score for each task: subjects who scored higher than 1 were positive and a 0 score was negative. Subjects showing attentional deficit on the tasks were identified as positive and those who didn't as negative. For the performance score in the figure cancellation task in both test settings, the cut-off score was the median of the performance score. We compared the scores of each behavioral questionnaire of the positive group with those of the negative group. Mann-Whitney's U test was applied for the comparison.
The second analysis was conducted to identify how much influence the HMD setting had on attention behavioral disorders. The traditional setting to HMD setting ratio was calculated for their performance score and compared with the total score of each attention behavioral questionnaire. Spearman's rank correlation coefficient was performed.
To learn whether HMD tasks could be an index of attention behavioral disorders, a third analysis examined variations in the results of tasks and attention behavioral problems at an individual level.
Results
Positive group vs. negative group
In all tasks performed, the directional attention behavioral score of the subjects who were diagnosed as positive was significantly higher: total score of the three visuo-spatial tests (p = 0.0009), line bisection (p = 0.0435), copying (p = 0.0341), traditional cancellation (number of omits) (p = 0.0016), traditional cancellation (performance score) (p = 0.0051), and HMD cancellation (performance score) (p = 0.0003) (see Fig. 2a ). The same was true for the general attention behavioral score, except in the figure copying task, in which no difference between the two groups was found. In the other 5 tasks and indexes, the positive group achieved a significantly higher score than the negative group: total score of the three visuo-spatial tests (p = 0.0012), line bisection (p = 0.0114), traditional cancellation (number of omits) (p = 0.0256), traditional cancellation (performance score) (p = 0.0095), and HMD cancellation (performance score) (p = 0.0003) (see Fig. 2b ).
Traditional / HMD ratio and behavior
Although all subjects showed lower performance scores in HMD tasks, the mean of the traditional / HMD ratio was 5.6, ranging from 2.0 to 15.5. As shown in Fig. 3a , subjects with a significantly higher ratio achieved a higher score in the directional attention questionnaires (r = 0.78, < 0.0005). A similar tendency was found in general attention behavior (r = 0.68, < 0.005; Fig. 3b) . A separate correlation of the HMD task vs. each attentional behavior score and of traditional cancellation (perfor- Fig. 2 . Behavioral score of positive group and negative group for each task in (a) and (b). For both directional and general attention behavior, the positive group exhibits a much higher score than the negative group. mance score) vs. attentional behavior score are summarized in Table 4 . The correlation between other traditional tasks, including cancellation as a function of the number of omits, bisection task and copying task and attentional behavioral questionnaires are also shown in Table 4 . No significant correlation was found except in cancellation (number of omits) vs. directional attentional behavior (r = 0.84, < 0.01) and in the copying task vs. directional attentional behavior (r = 0.54, < 0.05).
Variations at the individual level
We used the total score of the three visual-spatial tests and the performance score in the traditional cancellation task and in the HMD task as indexes for behavior deficit. For directional attention behavior, three subjects diagnosed as negative in the total score showed more than one behavioral problem. In the other three subjects, more than one directional attention behavior problem was evident, whereas they were diagnosed as negative through the performance score in the traditional cancellation task. On the other hand, only one subject who was diagnosed as negative in the HMD task showed directional attention behavior, but his score in the behavioral questionnaire was extremely low (1/26) (Fig. 4a) .
8 subjects diagnosed as negative in the total score of the desk-tasks displayed general attention behavior problems. In 7 subjects, general attention behavioral problem were evident despite their performance score on the traditional cancellation task being below the cut-off score. For the HMD task, three subjects who scored higher in the general attention questionnaires were diagnosed as positive. The remaining 6 subjects diagnosed as negative in the HMD task showed general attention behavioral problems, however their score was not higher than the other subjects (Fig. 4b) .
Discussion
Theoretical framework of the HMD setting
As described in the introduction, we assumed that environmental differences, static in desk-task settings and dynamic in ADL settings, could lead to the discrepancy whereby patients show abnormalities in ADL but not in desk-task settings. To evaluate this assumption, we newly devised a more dynamic task environment than the traditional task environment using a HMD and a tablet, based on the theory of frame of reference proposed by Karnath (1994) . Fig. 3 . Correlation between severity in behavior and traditional / HMD ratio in their performance score in the cancellation task in (a) and (b). In both behavioral scores, subjects who present higher ratio showed more severe behavioral problems. Each diamond represents one subject. According to Karnath (1994) , Karnath, Fetter, and Niemeier (1998) , and Karnath and Dieterich (2006) , humans behave accurately in space by integrating incoming sensory information such as vision, proprioception, and vestibular sensation, and these should be integrated into an egocentric reference frame. This successive and concurrent process is the key concept of the HMD setting. We postulated that a more dynamic task environment could be accomplished by taxing such a process during testing.
Subjects wear HMD and handle a stylus in the HMD setting. As shown in Fig.1 , the only things subjects can directly see on the HMD display are task stimulus and the pen icon, which represents the real pen they manipulate on the tablet. Subjects cannot see the movement of their hand or upper extremity while operating the pen. Indirect vision of the hand trajectory induces conflicting visual and proprioceptive signals (Clower & Boussaoud, 2000) . This experimental environment must strongly encourage subjects to integrate proprioceptive sensation from their arm and finger movements with vision on the HMD display while testing. In other words, subjects need to reorganize their work space by integrating the proprioceptive space and visual space while performing the HMD task (Vakalopoulos, 2007) .
Relation between the results of the HMD task and attention behavior
The most interesting result of this study was that in both directional and general attentional behavior, almost all the subjects who were classified into the negative group in the HMD task did not display attentional disturbance in ADL or vice versa. This implies that the HMD setting has a similar cognitive feature to that of the ADL environment. As mentioned earlier, the ADL environment is so dynamic that sensory information relevant to concurrent activity must be integrated (Deouell, Sacher & Soroker, 2005; Thompson & Sanderson, 2008) . According to this idea, the present results support our postulation that the HMD setting induces a dynamic situation and requires subjects to perform much more sensory integration more than in the traditional setting. In the HMD setting, subjects have to rely more on proprioception to adapt to sensory-motor conflict. In fact, Thompson and Sanderson (2008) have pointed out that one of the reasons why results of the traditional desk-task were not fully congruent with conditions in ADL was that the desk-task was less dynamic. Tilikete, Rode, Rossetti, Pichon, Li, and Boisson (2001) reported that reorganization of the spatial framework led to amelioration in ADL performance. Several studies concur with those reports (Karnath, Fetter & Niemeier, 1998; Karnath & Dieterich, 2006; Rorden, Karnath & Driver, 2001; Niemeier & Karnath, 2003) . As in the HMD environment, in ADL, humans have to adapt to a constantly changing dynamic experience by correctly selecting internal and external cues relevant to the subsequent action. This environmental similarity between HMD and ADL may have led to the apparent correlation between performance in the HMD setting and behavioral disorders in ADL. Another possible interpretation is provided by Burgess (2000) . He insisted that daily activity consists of multi-tasking situations. In the HMD setting, subjects were encouraged to conduct the cancellation task as well as adapt to the HMD environment. However, the concept of multi-tasking doesn't fully explain the present results because the same results should have been obtained from the traditional task setting, as this setting involves multitasking aspects to some degree.
In the present study, only the cancellation task was used in the HMD setting. Considering that there are several neuropsychological tests available, further studies incorporating different desk-tasks should be carried out.
Applicability in clinical settings
The present results reveal that although all subjects marked lower performance scores in HMD tasks compared to traditional cancellation tasks, subjects who scored above the cut-off in the HMD tasks seldom exhibited both directional and general attention behavioral problems. This implies that HMD tasks are a more sensitive tool than traditional neuropsychological tests for the evaluation of presence / absence of attentional deficit in ADL if evaluated by means of the cut-off score used in the present study.
In recent years, the number of studies using an HMD or a virtual environment is increasing. Knight and Baber (2007) reported the influence of HMD on posture. Cho, Ku, Jang, and developed an attention training system using an HMD and an HMD device for people with impaired vision (Culham, Chabra & Rubin, 2004) . In addition, HMD could be used to train patients with visuo-spatial problems (Castiello, Lusher, Burton, Glover & Disler, 2004; Kim et al., 2004; Baheux, Yoshizawa, Tanaka, Seki & Handa, 2005; Baheux, Yoshizawa, Seki & Handa, 2006; Glover & Castiello, 2006) . In clinical practice in occupational therapy, Weiss, Naveh, & Katz (2003) and Katz et al. (2005) introduced a training system for patients with spatial neglect to navigate road traffic safely. Almost all of these studies were addressing the issues of therapy or intervention as well as simple evaluation (the presence / absence of a certain symptom). To the best of our knowledge, few studies have addressed the issue of clinical applicability through establishment of an index for attentional behavioral problems in everyday life.
As seen in Fig. 4 , subjects who were classified as negative according to their total score and performance score in traditional cancellation showed attentional behavioral problems. By these criteria, the total score of the three visuo-spatial tasks and performance score in traditional cancellation can't be an index of behavioral problems: no data exists to the contrary. On the other hand, HMD differentiated those subjects. As mentioned by Sasaki et al. (2005) , changing the environment under which tasks are conducted rather than changing the task stimulus itself could account for the present results.
In conclusion, the present preliminary study would appear to demonstrate that tasks carried out in the HMD setting can function as a useful index of attentional behavioral problems.
